Therefore, this means that 3 2 We remark c 3i = exp(02 p 01b i ), c 3i01 = exp(2 p 01(b i 0a i )), and c 3i02 = c 01 3i01 c 01 3i = exp(2 p 01a i ).
where we used the identity S ij (p) = S i+1;j+1 (p + 1). Second, we will trace the action of 3 2 on 1 ; . . . ; p+1 . In a similar way as above, shown as in Figure  9 , by tracing the smooth deformation of the path in detail, we see that 3 2 : reg((z; 1) q 1 ) 7 0! reg((z; 1) f(1 + T 1 (p))(c 3p+2 q 1 )g) = (1 + T 1 (p + 1)) 1 by using (1 + T 1 (p))c 3p+2 = 1 + T 1 (p + 1). Moreover, as in Figure 10 , we see that 3 2 : reg((0; z) q j ) 7 0! reg((0; z) q j ) + reg((z; 1) q j ) + reg((1; z) (T j (p)q 1 + q j ))
where we used the relation 0T i (p) = T i+1 (p + 1). Similary, by tracing the smooth deformation of the path in detail, we see that
Let A = H 1 (C n f0; z; 1g; Ker r). Then dim C A = 2p 0 2. The twisted homology group A can be decomposed as A = Pr(A) 8 Deg(A) where both Pr(A) and Deg(A) are invariant under the action of the monodromy group. Then the same loops 1 ; 2 2 1 (C n f0; 1g; z) as in Proof. It is clear that each part of A is invariant under the action of the monodromy group. In order to nd the monodromy matrix on Pr(A), we argue by induction on p. In order to distinguish the twisted homology group A on each step of induction, we denote by A(p) the twisted homology group A with parameter p and use the similar notation for S ij ; T i ; M i , and r. We will prove dim C A(p +1) = 2p and construct a basis of A(p + 1) from a basis of A(p) = H 1 (C n f0; z; 1g; Ker r(p)).
For the initial step, we assume p = 2; in this case, the theorem is equivalent to The explicit forms of ! k are very complicated and not written down here. However, we should notice that for any p-dimentional vector ! of rational 1-forms with poles at 0; z, and 1, the action of the monodromy group on ( j ; !) is decided only by j and not by !. With this chain of 1-forms, we check the assumption of Theorem 2.1. Let S 1 (0), S 1 (1), and S 1 (z) be loops around the points 0, 1, and z, respectively. Since S 1 (1) 3 : (q 1 ; . . . ; q p ) 7 ! c 3p+2 (q 1 ; . . . ; q p ), we have det(S 1 (1) 3 0 id) 6 = 0 by the assumption (5.1). Hence, the assumption of Theorem 2.1 is satised and we get dim C A(p + 1) = 2p.
Since S 1 (0) 3 : (q 1 ; . . . ; q p ) 7 ! (q 1 ; . . . ; q p )c 3p+1 M 1 (p), the eigenvalues of S 1 (0) 3 are fc 3k+3 c 3p+1 j 1 k < pg. By the assumption (5.1), c 3k+3 c 3p+1 6 = 1 (1 k < p), that is, det(S 1 (0) 3 0 id) 6 = 0. Moreover, since S 1 (z) 3 : (q 1 ; . . . ; q p ) 7 ! (q 1 ; . . . ; q p )M 2 (p), the eigenvalues of M 2 (p) are f1+T 1 (p); 1; . . . ; 1g. Thus det(S 1 (z) 3 0 id) = 0. On the other hand, since T 1 (p) 6 = 0 by (5.1), we can see that the matrix M 2 (p) is diagonalizable. Therefore, the assumption of Theorem 2.2 is satised.
We identify fq i g with a set of sections of Ker r(p + 1) on the lower half plane ft 2 C j Im t < 0g and dene 2p bounded cycles as part as This fact in a more general setting will be proved by using a induction in the next section.
5
The monodromy group of p F p01
We put the (p 0 Relative to the covariant derivation r : 7 0! d 0 ^, Ker r is a locally constant sheaf on T (z).
Moreover, we introduce the notation: ; it is clear that rq j = 0. Now we consider the arrangement D = fst(z 0 t)(1 0 s)(t 0 s) = 0g. By the denition of 1 , the twisted cycle reg((z; 1)q 1 ) corresponds to 4 (1) t 7 (z0t) 8 u(t; s). Here 4 (1) is the compact chamber in D enclosed by the hyperplanes fz 0 t = 0; t 0 s = 0; 1 0 s = 0g. In the same way, let 4 (2) be the compact chamber enclosed by the hyperplanes ft = 0; z 0 t = 0; t 0 s = 0; 1 0 s = 0g and 4 (3) the compact chamber enclosed by the hyperplanes fz 0 t = 0; t 0 s = 0; s = 0; t = 0g. Then reg((0; z) q j ) corresponds to 4 (j+1) t 7 (z 0 t) 8 u(t; s) (j = 1; 2) ( (1) is the circle of the radius " with center 1. The set f 1 ; . . . ; 4 g is a basis of H 1 (T (z); Ker r) by Theorem 2.2. Moreover, we notice that f 1 ; 2 ; 3 g spans the primary part of H 1 (T (z); Ker r) and corresponds to the compact chambers in D.
For the same 1 ; 2 2 1 (Cnf0; 1g; z) as in Example 4.1, the monodromy group acts on the primary Suppose that 2 ; 4 ; and 5 are not integers. Let U = fs 2 C j Im s < 0g be the lower half plane and u a branch of s 4 (t 0 s) 5 (1 0 s) 1 in U. We should notice that s 4 (t 0 s) 5 (1 0 s) 1 is multi-valued in a neighborhood of t. Therefore, we identify t with the point x 1 of Theorem 2.2. Let 1 = reg((t; 1) u) and 2 = reg((0; t)u). Then f 1 ; 2 g is the basis of H 1 (T (t); Ker r) which corresponds to the compact chambers of the arrangement fs j s(t 0 s)(1 0 s) = 0g in R.
The monodromy group acts on the basis f 1 ; 2 g of H 1 (T (t); Ker r) as Thus, we can consider twisted cycles on the 1-dimensional space with a locally constant sheaf of rank p 0 1 instead of twisted cycles on (p 0 1)-dimentional space with a locally constant sheaf of rank one and to compute monodromy groups by utilizing the general arguments given in Section 3.
In this section, we consider two cases 2 F 1 and 3 F 2 to clarify our idea. The computation in the general case will be given in the next section. The nite composition of smooth deformations dened above is also called a smooth deformation. Example 3.4. Put n = 2 and we regard each conguration of 2 points in C as a point in X 2 . Let be a path in X 2 such that the point x 2 encircles the xed point x 1 in the positive direction. Suppose that 4 is a singular chain that encircles the point x 2 in the positive direction. In this case, the smooth deformation of 4 along the path is again 4. Let us consider the lift of in the (x 1 ; x 2 ; t)-space X 3 .
is the path such that the points t and x 2 encircle the point x 1 in the positive direction. Consider the twisted chain 4Log(t0x 1 ). Since the analytic continuation of the function Log(t0x 1 ) along the path is Log(t 0x 1 ) + 2 p 01, the smooth deformation of 4Log(t0x 1 ) is 4Log(t0x 1 ) + 42 p 01.
We give a few remarks. First, due to Theorem 2.2, the homology group H 1 (T; Ker r) has a natural decomposition. Let Pr(H 1 (T; Ker r)) be the subspace of H 1 (T; Ker r) spanned by ij of (2.2) and (2.3). And let Deg(H 1 (T; Ker r)) be the subspace spanned by ij of (2.4). Then H 1 (T; Ker r) = Pr(H 1 (T; Ker r))8Deg(H 1 (T; Ker r)). We call Pr(H 1 (T; Ker r)) the primary part and Deg(H 1 (T; Ker r)) the degenerate part.
Second, we recall the notion of regularization. Let (x 1 ; x j ) be the oriented polygonal arc x 1 P 1 P i x j which includes neither end points. The analytic continuation of u 2 0(U; Ker r) starting up from P 1 along P 1 P i x j and along P 1 x 1 are also sections of Ker r. We write those by u again. We denote by The pairing is used in later sections. 3 Smooth deformation
We call
f(x 1 ; . . . ; x n ) j x i 0 x j = 0g the pure braid space of dimension n. The bre of the cannonical projection p : X n+1 3 (x; t) = (x 1 ; . . . ; x n ; t) 7 0! (x 1 ; . . . ; x n ) = x 2 X n ;
is denoted by T (x)
We give an m2m-matrix-valued holomorphic 1-form (x 1 ; . . . ; x n ; t) on X n+1 such that r x;t r x;t = 0, where r x;t u = d x;t u 0 ^u and d x;t is the exterior dierentiation with respect to both x 1 ; . . . ; x n , and t. Let S = Ker r x;t . The pull back 3 x (t) = 3 (x; t) by the natural inclusion : T (x) , ! X n+1 is an m 2m-matrix-valued holomorphic 1-form on T (x). Put L x = Ker r x , where r x u = d t u0 3 x (t)^u. Then we have Sj T (x) = L x . Let 1 (X n ; a) be the fundamental group of X n with a base point a. If we can smoothly deform a base of H 1 (T (x); L x ) along an element of 1 (X n ; a), then we get the monodromy representation of 1 (X n ; a): 1 (X n ; a) 3 7 0! 3 2 Aut(H 1 (T (x); L x )):
In the actual computation, we need to dene rigorously the notion of smooth deformation. Although we dened twisted homology groups basing on a smooth triangulation of the base space, it is more convenient to regard twisted cycles as singular chains to dene smooth deformation. We say that a mapping 4 is a singular simplex in the bre T (x) if 4 : [0; 1] ! T (x) is a C 1 mapping. Let f be a germ of L x at 4(0). We write the formal pair of 4 and f by 4 f and call it the singular chain. where R 1 and R 2 are constant matrices and f is a section of 0(U; Ker r). We cannot compute monodromy groups in the case that there is cycles in the form (2.1) by using our method explained in latter sections of this paper. So, we add technical conditions to construct a base which contains no cycles in the form (2.1). Under the assumption of Theorem 2.1, we assume the condition that, for each i such that det(S 3 From the proof of Theorem 2.1, clearly, the set f ij j 2 i n; 1 j mg is a basis of H 1 (T; Ker r). Thus, we have the following theorem. in C`. We suppose that the hyperplane arrangement D is generic. Then, for a derivation r : 7 ! d 0 P n i=1 i (dp i =p i )^, the dimension of H n (C`0D; Ker r) is equal to 0 n01 1 under a certain condition on the parameters 1 ; . . . ; n (see e.g. M. Kita [5] Theorem 2). We prove a similar proposition to this theroem later when the rank is more than one and the dimension is equal to one. Now let x i (1 i n) be distinct n points in C and set T = C n fx 1 ; . . . ; x n g. We denote by S 3 f the analytic continuation of a section f of Ker r along any loop S inside T . Proof. Without loss of generality, we can assume that det(S 3 1 0 id) 6 = 0. Let P i be the base point of the loop S i and P 1 P i the oriented segment from P 1 to P i in T . We dene the triangulation K ofT = ( does not work when D is not generic and even when there exists non-linear p j . The purpose of this paper is to give a new method of computing the monodromy group for degenerate arrangements of hyperplanes and to give an explicit computation of the monodromy group of p F p01 by using our method.
A. H. M. Levelt rstly computed generators of the monodromy group of the generalized hypergeometric dierential equation. In Okubo [10], generators are obtained as a special case of his general method to construct monodromy groups of hypergeometric systems. Their methods use properties of the dierential equation to compute monodromy matrices of solutions. On the other hand, our method is based on the integral representations of p F p01 and we can explicitly compute generators of the monodromy group corresponding to twisted cycles; thus, this method is geometric and the author thinks that our method is more natural.
We explain the idea of the method. By use of the function g(t k ; z) = 
